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@ CoeKtruded recoverable articles. 

(57) A shrinkable tubular article (1) comprises a tubular inner 
elastomeric member (2) held in a radially expanded configur- 
ation by a tubular outer restraining means (3). The restrain- 
ing means (3) is prepared from a blend of a relatively ng.d 
thermoplastic material and a segmented copolymer hav.ng 
at least one segmcm compatible with the thcrmoplasi.c and 
at l-ast one segmem compatible with the elastomer of the 
inner member (2). Optionally, the restraining means {3) 
contains a tackifier. The inner surface of the outer member 
(35 and the outer surface of the inner member (2) are directly 
bonded together {i.e. without an interfacial adhesive). The 
bond b'^tween the members is sufficiently strong to restrain 
the inner ciastomer member (2) from shrinking to, or toward, 
its un^xpanded configuration. In addition, the bond wea'^ens 
-.uffici^nily on application of solvent to permit the elastomer- 
ic momber (2) to pcc! away from the restraining outer 
.-n^mbr-f (3) U-.c of n bknd of a tlicrmoplastic and a 
segrr^ontcd copolymer and optional tackifier, dcscfibod 
iibovf^ for tne restraining member (31 po'mns the ar.iclc (D 
!o be r-oduccd in a continuous manner, e.g. by cocxtrusion. 
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Coextruded Recoverable Article 

This invention relates to a d imens ional ly recoverable 
elastomeric tubular article, a method for producins the 
article and a method of covering a substrate using the 
article. In particular, it relates to a d i mens iona 1 ly reco- 
verable elastomeric tubular article comprising a radially 
expanded elastomeric inner member held in the expanded con- 
figuration by a relatively rigid outer restraining moanc. 

U.S. Patent Nos . H,070,7i!6 and t), 135,553 -o Evanr, and 
Wolfe, 4,179,320 and U, 287, 012 to Midgley and Nyberr, f.r.d 
ij, 338, 970 to Krackeler and Wier, each disclose recoverac-le 
articles of the same general type as the articles of this 
invention. The recoverable article comprises an elastor..er 
member held in an expanded condition by an outer restraining 
■means. The elastomeric member is bonded to the cuter 
restraint. In use, the article is positioned around a 
substrate to be covered and the elastomer member is releasee 
from the restraint. Due to the elastic properties of .the 
expanded elastomeric member, it will then recover (or 
shrink) toward its unexpanded configuration and into contact 
with the substrate. 

in U.S. n, 135,553, the elastomeric member is released 
from the restraint by applying a solvent which weakens the 
adhesive bond between the members. In n, 179, 320, the 
elastomeric member is released from the restraint by peeling 
strips of the restraining means from the elastomer n...-nb..r. 
in U S. ",338,970, the elastomeric layer is released by- 
breaking or segmenting the restraint and removing th. pi-^ces 
or segments from the elastomer member tnereby allowing it to 
recover to its unexpanded configuration; 

in U.S. Patent No. ", 135,553 ('553), it is asseriec that 
the bond between the elastomeric member and the restraint. 
T.ay be formed simply by adhesion of the elr=.-to:ner ic membo- 
to the restraint. In the practice of tne = ; nv • :v, . : - 
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has been found Lhat such a bond is inadequate to pre ven: ^ 
n^o~ = -u- recover-./ of the elastomeric rnerr.ber. Tr- use c = 
aH^rsive to provide an adequate bond has been found to oe 
nec-ssarv. It has also been found necessary to er:.pio> ..v- 
fabrication procedures disclosed in U.S. Patent Nc . 
u .3c; 55^ Such orocedures involve forming tne res.. 
.oat'ing us inner surface with adhesive, form ins the 
le-^^ member, coating its ou.er surface v.-Lth adhesive, 
.ros-iinking the elastomer and expanding the elas.orn. r . c 
;ember into contact with the restraint. An alternate :netnoc 
■s to form the elastomeric member and then injection r.oic 
the outer restraint around the memoer. c..h ---^ ^^^ 
are non-continuous procedures in w.nicn ea... =- ^ 
manufactured individually. 

This invention provides a method for the continuous 
manufacture of recoverable elastomer articles of 
pp. or attemots to ccextrude the elastomeric menoer anc .ne 
rest^aint were unsuccessful. The bond for.med either hac 
inadeouate strength to restrain the ela3.ome:.c m,...e ..o. 
o™ture recovery, particularly if stored at tempera .u:-es 
ab^:; 6OOC, or would not release the elastom.eric member vne 
solv.nt was applied. It has now been unexpecteoly oisco- 
v.red that the incorporation of a segmented copolymer, as 
/er=.ned hereinafter, and optionally a tackificr inr.o a .ne-: 
Lpiastic material to be used for the restraint overcomes 
th-e problems and enables the continuous manu.ac.ure 
dimensionally recoverable article of this type. 

or -hp nres'^nt invention, pi-ovicos a nnr-.M^ 
One aspect of --ne pre^^^i^ 

able tubular article ccmprising: 



( n c: 



a tubular inner member co..y. 1-— c: - 

material which is held under tension in 
o>:panded configuration; and 
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(2) a tubular outer restraining means comprising a 

blend of a relatively rigid thermoplastic polymeric 
material and a segmented copolymer navins at least 
one segment compatible with the thermoplastic 
material and at least one segment compatibiG v;it.-! 
the elastomeric material; 

the inner surface of the restraining means bein^ ciirecciy 
secured to the outer surface of said inner rr.ember by a bond 
whose peel strength is at least about 2 pounds per linear 
inch at 21°C, said bond being arranged to be sufficiently 
weakened by the application of a solvent so as to allow the 
■inner member to pull away from the restraining T.eans and to 
return fo or toward its unexpended configuration. 

Another aspect of the present invention, provides a 
shrinkable tubular article comprising: 

(1) a tubular inner member comprising an elastomeric 
material which is held under tension in a radially 
expanded configuration; and 

(2) a tubular outer restraining means comprising a 
blend of a relatively rigid thermoplastic polymeric 
material, a tackifier and a segmented copoly-er 
having at least one segment compatible with the 
thermoplastic material and at least one cegrrient 
compatible with the elastomeric material; 

the inner surface of the restraining means beinc directly 
secured to the outer surface of said inner r.em be r by a bond 
whose peel strength at about &0^C is at least pouno 
per linear inch, said bond being arranged ;:o 0=? su: - ic le.. 
weakened by the application of a solvent s? to a.ir-w t r, 

inner member to pull away from the restra i;; i:. .: ir.ean;-; 
return to or toward its unexpanded conf igiir.v jo;; . 
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Another aspect of this invention comprises a nietho'J of 
preparing a shrinkable tubular article comprising a tub:jl2r 
inner xember comprising an elastorr.eric material which is 
held under tension in a radially expanded confisurai ion 
a tubular outer restraining means, which -ethod compr is- ■ : 

i) preparing a blend of a thermoplastic polymeric 
material and a segmented copolymer having 
one segment compatible with the thermoplastic 
material and at least one segment compatible with 
the elastomeric material; 

ii) ooextruding the blend and the elastomeric material 
to form a tube having the blend as the outer member 
and the elastomer as the inner member: and 

iii) radially expanding the tube to for:r= the shrinkable 
tubular article. 

Optionally i) can contain a tackifier. 

Another aspect of the invention comprises a method of 
preparing a shrinkable tubular article comprising a tubular 
inner member comprising an elastomeric material which is 
held under tension in a radially expanded configuration and 
a tubular outer restraining means, which method comprises: 



i) preparing a blend of (a) a thermoplastic pc.yr.enc 
material; (b) a tackifier; and (c) a segmented 
copolymer having at least one segment ccrnpa i bio 
with the thermoplastic material snd at leasr. one 
segment compatible with the elastomeric material: 

i) coextruding the blend and the elastomeric :r,j-." -r i.V. 
to form a tube having the blend as the oi:t.2:' ;n--.mDsr 
and the elastomer as the inner me:-bor; and 
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iii) radiaiiy expanding the tube to form the shrink^cl-- 
tubular article. 

Yet another aspect of this invention comprises a method 
of covering a substrate which comprises: 

a) positioning over the substrate a shrinkable tub;jl;^r 
art icle comprising 

1) a tubular inner member comprising an elasto- 
meric material which is held under tension in 
a radially expanded configuration; and 

2) a tubular outer restraining means ccr.pr' i s ing a 
blend of a relatively rigid thermoplastic 
polymeric material and segmented copolymer 
having at least one segment compatible with 
the thermoplastic material and at least one 
segment compatible with the elastomeric 
material ; 

the inner surface of the restr.^ining means 
being directly secured to the outer surface of 
said inner member by a bond whose peel 
strength is at least about 2 pounds per linear 
inch at 21°C, said bond being arranged to be 
sufficiently weakened by the application of a 
solvent so as to allow the inner menber to 
pull away from the restraining means and to 
return to or toward its unexpandcd con- 
figuration; and 

b) applying a solvent to. the bond between the inner 
and outer members thereby weakening :he bono 3u:- 
ficiently to permit the elastomeric T:er::ber lo d\:^. 
away from the restraint and shrink int.c c-n:.::cu 
with said substrate. 
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Optionally the tubular outer restraining -eans furv.hor 
comprises a laokifier. 

In another aspect, the invention comprises a niethoc o: 
covering. a substrate, which method comprises: 

(a) positioning over the substrate a shrinkable tubular 
article comprising 

n) a- tubular inner member comprising an elci;;to- 
meric material which is held under tension in 
a radially expanded configuration; and 

(2) a tubular outer restraining m.eans co-prisinj a 
blend of (a) a relatively rUic thermoplastic 
polymeric material; (b) a tackifier; and (c) 
segmented copolymer having at least one 
segment compatible with the thermoplastic 
material and at least one segment compatible 
with the elastomeric material; 

the ^nner surface of the restraining means being 
directly secured to the outer surface of said inner 
member by a bond whose peel strength after ten days 
at about 60=0 is at least about 2 pounds per linear 
inch measured at about 60°C, said bond being 
arranged to be sufficiently weakened by the appli- 
cation of a solvent so as to allov the inner 
member to pull away from the restraining ----.s 
and to return to or toward its unovp-ndr-d oo^-- 
figuration; and 

(b) applying a solvent to the bond between the inner 

and outer memb-rs thereby weakening the oonc cu:-^ 
ficientiy to permit the elastomeric n:er::bor 
away from the restraint and shrink into cont--:-. 
with said substrate. 
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The tubular inner member of the article and r^.ethod 
of this invention comprises an elastomeric material. The 
elastomeric material must be capable of being stretched or 
expanded to an extended condition in the radial direction 
from which the elastomeric material can recover, i.e. 
shrink, upon removal of the restraint holdins it in the 
stretched or expanded condition. Virtually any desired 
material oossessing elastomeric recovery properties may be 
used. The elastomeric material sho-uld be one which doer- not 
exhibit a substantial permanent set or decrease in reccvery 
on storage. Suitable elastomers include materials such as 
natural and synthetic poly isoprenes, polybutadien-s , styrene- 
butadiene rubber (SBR), butadiene rubber, colychl.roprene 
(Neoprene), butyl rubber, pclysulfide, siliccn'i rubber, 
urethane rubber, polyacrylate , epichlorohycr in homo and 
copolvmers, propylene oxide rubber, i 1 uoros i 1 icone rubber, 
fluorocarbon rubber, chlorosulf onated polyethylene, cnlori- 
nated polyethylene, ethylene propylene rubber, nitroso 
rubber and phosphonitr ilic rubber. Preferred elastomers are 
ethylene-propylene-diene monomer rubber (EPDM), polych- 
loroprene (Neoprene) and silicone rubber. 

The prooerties of the elastomeric member or sleeve are 
to a large extent, dependent upon the intended use of th. 
slPeve. Thus, if the sleeve is to be used primarily as ar 
electrical insulation, its electrical properties will be cf 
p.in,ary importance. On the other hand, if the sleeve wil. 
be subjected to much physical abuse, it may be necessary ...o 
pr^ovide a sleeve which has toughness, good fla:ne r.^sistanco, 
good solvent resistance, etc. For high voltage us--, it "ay 
be desirable to have a sleeve which has been made ser:i- 
conductive by .dispersing large amounts of suitable t iil-r^-- 
or conductive particles in the sleeve or posses ;:■•>•'• 
resistance to tracking and/or erosion. 

The tubular outer restraining raennr, conpr i .-.t.-n ■ - 

a relatively rigid thermoplastic material, a r--.-..:;n-.::: 
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lymer and ootionaliy a ^a^K.^.t;!. 

present in an amount of about 2.5 to about 601. :nc,ct 
'rerably from about 10 to about 30'., by veijht ba.ec on 
weight of the blend. 

The blend of thermoplastic material, s.fi^snted co: o:.yn-.-3r 
and optional tackifier should have a 2% secant mo.^u:ur 
210C of at least about M.OOO psi. preferably at l^-n. ..ou. 
13 000 psi and preferably does not exceed about ..0.000,, 
particularly 200,000. (The 2. secant modulus 
at the indicated temperature, by the .ethod of A.i. 
using 2 0.5 inch wide straight specimen, a c:"0ss-head soeed 
or 0.5 inch per minute, a jaw separation of 5 inch and a 
Chart speed of 20 inch per minute.) T^s prov ides- a ^su: - 
ficient rigidity that the restraining moans formeo or .ne 
blend Will not undergo buoUling which will interfere w..n 
the use of the article. Further, the blend should have^an 
ultimate elongation at 2^^Z and at a separation speec ot 
POOi per minute, which is preferably at least -.0., -^t/— 
ferably at least 35% and preferably does not exceec 1.... 

oarticularly 100%. In some embodiments, the elongation may 
be as high as 300% or even higher. (The ultimate e 1 en ga . .or- 
is measured, at the indicated temperature, by the ..thco o. 
ASTM DU12-75 using dumb bell specimens (Die D) and 1 inch 
b^nch marks, the separation speed being 2 inch por ranute 
ior measurement at a separation speed of 200^ per -nute a:y. 
,0 inch per minute for measurement at a separation ..peeo ci 
2 000% per minute.) The blend also should be n-t.h son- 
sUive. Notch sensitivity of the material .ean^ that wnon 
the material is scored, or notched, for ex.mcle 3>:-a-.. ^ 
along the length of the restraining means, ..c t.en ....... 

^•n. restraining means breaks along the - ■ •- 

the underlying elastomeric member. Solvent can vn.n >o 
applied along this line to facilitate rel.as.- .n-.. -..-o- 
meric member. 
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The relatively rigid thermoplastic material cp.n bo, for 
example, polystyrene, polymethylmethacrylate, poly - rTiethyl 
styrene. nylon and the like. The thermoplastic material ::: 
selected on the basis of its mechanical properties. The 
thermoplastic material selected should have a 2X secant 
modulus, elongation and notch sensitivity such that who:: 
blended with the segmented copolymer the resulting blend 
will have the desired properties. Further, the rolatlvcly 
rigid thermoplastic material should have a solubility para- 
meter and a critical surface tension higher than ^har, of ^he 
elastomeric material selected for the inner r7ierr:ber. 

Tackifiers which can be used include, for oxample, 
rosin, modified rosin, rosin derivatives such as rosin sales 
or rosin esters, hydrocarbon resins, modified hydrocarbon 
resins, polymerized petroleum hydrocarbons, poly terpenes , 
phenolic resins, terpene /phenol i c resins, GOU-;arone- i ndene 
resins and the like. The restraining means rriay in particular 
comprise a blend of polystyrene, a hydrocarbon resin 
tackifier, and a block copolymer of styrene, ethylene and 
butylene, and may further comprise poly pheny lene oxide. 

To achieve the desired bonding between the restr-aining 
means and the elastomeric member, the segmented copoiyr::er 
used should have at least one segment compatible v;ith the 
elastomeric material. The copolymer is preferably present 
in an amount of about 2.5 to about 60^, most preferably fro- 
about 10 to about 30^, by weight based on the weight of nhe 
blend. In order to obtain a blend of the segmented copo- 
lymer and the thermoplastic, the copolymer should have n.t 
least one segment compatible with the thermoplastic. 
Further, the segment compatible with the elasto;nor shouiG 
incompatible with the thermoplastic and the sc-gmenc com- 
patible with the thermoplastic should be i nccr ;:-a t : blc- v;::.;- 
the elastomer. The degree of compatibility of rcly-.c-r:- r-.^ 
generally be determined by the solubility p.-i r 
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..:-,,ebra.d) of the polv.ers. Polymers of similar soi.o-:- 

o.ra.eters are generally co.pacible anc those ..^ 
[Jerse solubility parameters are generally inco.pa .o... 

. ^ '•nr -he blend usee for tn- 
b^^'H ceterminea tna^, lor .ne o-e-.u 

this invention, the thermoplastic 
restraining means of tnis -nxen ^,. = hi<= vi^- 

,,t^.ia. and the segment of the copolymer compa..ol 

Ihe^he^moplastic material should have higher -lu j .y 
parameters and critical surface tensions tnan .he e.a. 

Lric material and the segment of the copolymer cc.p.- 

therewith, respectively. 

Whilo not wishing to be bound by any theory, i. is 
relieved that th. =e8.en.s o, -=0 
t„ elasto.,..ic material an. - = 
plastic material, tna. ^^c-.^ 
parameter and lower critical surface ' 

israte to fnc surface of tne .lend. t„at .so . .c. 
of the restraining means. Since .hes. oC^ 

t'l vitn t.e elasto^eric .aterial they are general.. 
capable cf for»lns a bond -ith the ^l^-'-'^^;;;;^:' 
tJs bond i, sufficient!, strong to bed tne el = s..» 
L^erUl in an expanded condition ,et „ea.ens on aPPUca..o„ 
of solvent to release the elastooer. 

■ The bond forced between the ^1 = — ^ = ;-^;'."^;;r " 
restraining »eans should ha.e a peel ^--^ ^' ^ I 
about . pounds per linear inch <Pli. P- ff 
about 0 Pli, »ost preferably at -0.. ; ,^ 

:„ ,one instances, it will b. des.raolc .0. .n. - 
.he bond between the inner and outer »en,b.3rr. .0 

• ^ .1 ahouf 6n»C. The bona jeneran. 
1 pounds per linear inch a. abou. 

v;iii have a peel strengtn not .r...c. .. . ^ _ 
,s not critical. Preferably the pee. s.^e,,.-. .-^-^ 

r.^5trainLng means to facilitate applic-.ior. o. ... .--^^^^ 
ivent to the interface between the elastcac-r ic ..o...- . 
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the restraining means during use of the article. Th2 pc-?i 
strength is measured, at the indicated temperature, by the 
following procedure. A rectangular specimen free from sccr-- 
lines is cut from the article. With the aid of soiven-^ 
applied to one end of the specimen, the inner member is 
separated from the restraining means over a limited 
distance. After evaporation of the solvent, the separatee 
end of the inner member is placed in one jaw of an Ins'-iro:: 
Tester and the separated end of the restraining means \z 
placed in the other jaw. The peel strength is deter:.:ned et 
a jaw separation speed of 2 inches per minute, taking the 
average of the highest and lowest values. 

The segmented copolymer is a copolymer ccnr,€,inins dif- 
ferent repeat units grouped together in segmc:;t£. Such 
copolymers can be, for example, block or graft ccooiymers. 

A block polymer is a polymer whose molecule is made up 
of comparatively long segments that are of one monomer, 
these segments being separated by comparatively long 
segments of a different monomer. A graft copolymer is 
obtained by grafting a monomer segment onto a straight chain 
polymer segment to produce a branched chain copclymer. 

AS is evident from the above discussion the segmented 
copolymer used depends on both the thermoplastic material 
with which it. is to be blended and the elastomer to be used. 
Generally, the elastomer is selected depending on its 
desired use, for example, what substrate to be covered, 
after selection of the elastomer the restraining means 
be determined. For example, if e thy lene-prcpy 1 ene-d i e n . 
monomer rubber (EPDM) is selected as the elastom-", the 

relatively rigid thermoplastic should have a soi ubi 1 i ty ^ 

parameter higher than the EPDM rubber. In the case cf Sr.X 
rubber, which has a solubility parameter of 7.7. pciysty:-::.. 
(homopolymer or high impact grade-s) having a no i.ub-. : :.y 
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parameter of about 9.2, provides a suitable choice for th-: 
thermoplastic of the restraining means. A segmented cor.-c- 
lymer which has a segment compatible with EPDM rubber ;;nc a 
segment compatible with polystyrene is a block copclyrv-jr of 
styrene and butadiene. The styrene-based block (cr blook.;) 
is compatible with the polystyrene and incompati bl-; v.i-h the- 
EPDM while the butad iene- based block (or blocks) is com- 
patible with the EPDM rubber and incompatible with the 
polystyrene. The elastomer may be a silicone r-joc-er. 
The restraining means may comprise a blend of poly^ - inetnyi 
styrene and a block copolymer of polydimethyl siloxane ana 
polyo^ - methy Istyrene . 

Other examples of typical elastomer/therrr^oplastic/ 
segmented copolymer which can be used include: polybuta- 
diene rubber /pclystyrene/styrene-butad i ene-styrene block 
copolymer; EPDM rubber/polymethyl methacry late/graft copo- 
lymer of methyl methacrylate grafted on to natural rubber; 
pclybutadiene rubber/polymethyl methacrylate/ graft copo- 
lymer of methyl methacrylate grafted onto natural rubber; 
neoprene rubber/ethylene-viny 1 acetate copolymer /se-mented 
block copoiyester containing segments of poly tetramethy lone 
ether and polyte tramethy lene terephthalate ; and siliconc- 
rubber/poly^^^-methylstyrene/dimethylsiloxane/poiy.^ -me thy 1- 

stvrene segmented block copolyrier. 

Other segmented block and graft ccpolym-rs can be :;r,5a 
in appropriate systems. One skilled in the art with the 
teaching of this specification before him, can, wi::hout 
undue experimentation, determine anpropriate blencn ; or UT-e 



restraining means for a se'ecv.ec cit-.. 



in preparing 



Optionally, the blend can contain a tackiiier. 
been found that the presence of a tackifier .'."prcv^s 
bond between the restraining means and the inner p \ rv : 
m'vir.bor at •-l-^ivated temperatures such as bCC for ;>•-;•••.-:: •: 
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time. Temperatures up to about SO'^C are encountered c-jrinu;. 
typical storage conditions for products of this type. If a 
tackifier is not included in the blend, the inner elasto- 
meric member tends to delaminate from the restraining means 
comprised of the blend if the article is maintained at oO^'C 
for a period of time. The tackifier is preferably pres.---. 
in an amount of about 5 to about 60^, and in particular 
about 10 to about 25%. 



I- a c K i i 1 e r' 



As stated above, the thermoplastic material 
segmented copolymer and optional tackifier should have a 2% 
secant modulus at 2T^C of at least about ^,000 psi, pre- 
ferably at least about 13,000 psi. The tackifier, if ore- 
sent, may reduce the modulus of the blend to undesireably 
low level. In this event, a second relatively ri.<id ther- 
moplastic material can be added to the blend to provide the 
desired modulus. For example, where the thermoplastic 
material is a polystyrene, the second thermoplastic material 
can be, for example, poly phe ny lene oxide, preferably addea 
as a blend of polypheny lene oxide and polystyrene. Other 
rigid thermoplastics which can be added as the second ther- 
moplastic material included, for example, poly cp<: -methyl 
styrene and a blend of polycarbonate and a styrene copo- 
lymer. 

The relatively rigid thermoplastic material, cptionoi 
tackifier and the segmented copolymer can be admixed by any 
convenient technique. They can be blended, for exar^oU, on 
a two roll mill, in a Banbury or 3rabender in::ernal mixer, 
in an extruder or the like. 

it is an important feature of this invention -:ha:. tnv' 
article can be produced in a continuous proc-3". Pref-r'— l;. 
the article is produced by coextruding the e ; " s -c::-:: r • 
material and the thermoplastic blend. The :n.v,erinl3 ~rr 
coextruded using a conventional extruder. iir- re-Ui^-^^ 
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tube is fnen expanded preferably cont i rruous ly o- 
articles, if desired. 

Following extrusion, the elastorneric m^terisi cf tr.(i 
article preferably is cross-linked. This can achisvc--: 
chemically or by irradiation. Chemical cross-l i nk i n:; : 
achieved by incorporating a cross-linking agent into the- 
elastorneric material prior to the coextrusion ster- 
Following coextrusion cross-linking is accomplished by 
heating the coextruded article. Suitable cross-l i i ng 
agents depend on the particular elastomer selecte'! and are 
well known to one skilled in the art. Preferably, the 
elastorneric material is cross-linked by subjecting the 
article to irradiation, for example, from an electron beam, 
in this event the blend of the restraining -can.-. ::.houlc be 
selected so that it is not detrimentally affocted by the 
irradiation. The thermoplastic material of the restraint 
may also be cross-linked, advantageously during the step in 
which the elastorneric material is cross-linked. 

Expansion can be accomplished by internal air pressure 
within the coextruded tube or by passing it over a mandrel 
of the desired diameter. Since expansion is of both tne 
inner and outer members, the blend forming the restraining 
means must be capable of expanding to the desired degree. 
Generally, the coextruded tube is expanded to about twice 
its original diameter. 

The article and method of this invention c~'.i bo used to 
apply a covering or enclosure of elastorneric :r:at-:-ij:: ovc-r . 
substrate. The article is positioned around the sub;;: .-2 to 
and solvent is applied to the interface ba t n the elasto- 
rneric material and the restraining means. Tr.is -.ypicaiiy 
takes place at ambient temperatures (about .li^c:). 
solvent weakens the bond between the eiast.-n.-r 
restraining means permitting the expanded .rr-r 
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to recover toward its unexpanded state and into contact with 
the substrate. Preferred substrates are pipes, conduits, 
cables, particularly cable splices, and the like. 

The term solvent is used herein to denote any fluid 
which will substantially weaken the forces securing the 
inner member to the restraining means. Solvents which cr-.r. 
be used are chlorinated solvents such as chlorinated alipha- 
tic hydrocarbons, for example, chloroform, methylene dich- 
loride, trichloroethylene, or 1 , l , 1 -trichloroethano , 
aromatic hydrocarbons, for example toluene, ketones, for 
example, methyl ethyl ketone or acetone and ester-. 

The elastomeric and thermoplastic malcrj.;ur. can ccntani 
various additives for example, stabilizers, flame retar- 
dants, notch-sensitive improvers, pigments, plasticizers , 
tackifiers and the like can be present. 

The tubular articles of the present invention are 
generally utilized in the tubular configuration. It is to 
be understood, however, that after coextrusion, the tubular 
article may be formed into other configurations, for example 
into a cap by providing one end of the tube with a seal or 
bv pinching the walls at the end of the tube together. This 
invention also contemplates articles which are formed into a 
tubular configuration during use. For example, a coextrucod 
sheet of an elastomer and restraining means, as described 
herein, may be petitioned around a substrate, such as a 
cable, thereby forming a tubular article. The longitudinal 
edges can be held together by suitable fastening means ann 
solvent applied to release the elastomer. 

It is to be understood that the method of r.'ne i n v? n v. : 
.-ay employ an article of the invention, as hero i nbefcre 
Gftscr i bed . 

The invention is illustrated by way of •••xaripl.^ ir. ti;-.: 
accompanying drawings, in which 
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Figure 1 is an isometric view of an ariicle of cho 
invention; and 

Figure 2 is an isometric view of an article of the 
invention placed around a substrate, immediately befor- :.he 
elastomer is released from the restraining means. 

In Fig. 1 an article, 1, comprises elastomeric me-ber, 
2 which is held in a radially expanded configuration by- 
restraining means, 3- m the illustrated embodiment -,he 
elastomeric member, 2, comprises EPDM rubber and the 
restraining. means, 3, is made from a blend of high impact 
Dolystyrene and a styrene-butad iene block copolymer. There 
is no adhesive at the interface between the rostrainin. 
means, 3, and the elastomeric member, 2. 

Fig. 2 illustrates the use of the article of Fig. 1 
to cover a substrate. The article, 1, is positioned around 
the substrata, 4, to be covered by elastomeric member, 2. 
The elastomeric member, 2, is in a racially expanded con- 
figuration, held there by restraining means, 3- A solvent, 
5, is being spraying from a container (not shown) through a 
nozzle, 6, onto the interface between elastomeric member, 2 
and the restraining means, 3- As the solvent is applied to 
the interface, the elastomeric member,- 2, will pull away 
from the restraining means, 3, and shrink into contact with 
substrate, 4. Restraining m.eans, 3, can then be re-o-.-ec 
from the substrate and discarded. 

The following examples illustrate preparation of r.ypica 
elastomeric materials and blends suitable for -use for the 
restraining means. 
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Example 1 

This example illustrates the preparation of compositionr, 
useful for preparing an article of this invention. In this, 
EPDM is the elastomer and a blend of high impact polystyrene 
and a styrene/butadiene block copolymer is shown to be use- 
ful for the restraining means. 

Preparation of the Elastomeric Materials. 

The following ingredients, in the amounts indicated, 
were mixed together in a Banbury mixer. 

ingredient . Amount (.arts by weight) 

Ethylene-propylene- "'O^ 

5-ethyl idene-2-norbornene 

terpolymer (Vistalon 250^ from Exxon) 
Di phenyl am ine -acetone 2 

reaction product 
Zinc 2-mercaptobenzotr iazole 3 
Red Iron Oxide (Fe^O ) 2 
Clay 

Silane coupling agent '-^ 

(Silane A-172 from Dow Corning) 
Folyisobutylene ''5 
•Mineral Oil ^ 
Red lead (Pb.^0^^) 3 
Trimethanol propane 

t r ime thacrylate 
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Preparation of a thermoplastic blend for use in 

a fjistraining means. . 

The following ingredients, in the amounts indicatea, 

were blended in a Banbury mixer: 

Ingredient . Amount 

High impact polystyrene 75 

(Styron U92U from Dow) 
Styrene-butadiene block 25 

copolymer (Krayton 1102 

from Shell) 
Tetrakis [methy lene-3- ( 3 ' , 5 '- 0- ^ 

di-tert-butyl-M '- 

hydroxyphenyl propionate)] methane 
Mixed ester of thiodipropionate ^0.05 
Calcium Carbonate ^0 
Red pigment 

The resulting blend had an ultimate elongation at ai'C 
of U0% and a 2% secant modulus of 53,000 psi. 

For evaluation for use in preparing an article of this 
invention, 6" X 6" slabs of the materials (75 mils thick) 
were prepared. A slab of the elastomeric material and a 
slab of the thermoplastic blend were superimposed and placed 
between two steel plates, each coated with polytetraf luoro- 
ethylene (PTFE). The samples were pressed at 300°F, at 1000 
psi for 3 minutes and 5000 psi for 30 seconds. ■ The samples 
were cooled in a cold press for 2 minutes at 10,000 ?si. 
The samples were irradiated using an electron be?.- with a 
dosage of 20 megarads on each side. 

The peel strength of the bond between the slf.bs was 3 
01 i (measured by ASTMD-3167). On application of solvent to 
the interface between the slabs, the bond was sufficienlly 
weakened to permit ready separation of the slabs. Thec-e 
-esults indicate that the materials are suitable for pre- 
paring a tubular article of this invention using the above 
elastomeric material as the inner member and the ther- 
moplastic blend as the outer restraining means. 
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Example 2 

The procedures of Example 1 were repealed using a 
slightly different elastomeric material with the same ther- 
moplastic blend. 

The elastomeric material used was: 



Ingredient Amount 



Poly butad iene '00 

Ethylene -propylene- "00 

5-ethylidene-2-norbornene 

terpolymer (Vistalon 250^ from Exxon) 

Diphenylamineacetone 2 

Zinc 2-mercaptcbenzotr iazole 3 

Red Iron Oxide (Fe^O-.) 2 

Clay ^ ^ ^0 

Silane coupling agent 1.2 

(Silane A-172 from Dow Corning) 

Poly isobutylene 15 

Mineral Oil 5 

Red lead (Pb.O^) 5 

Trimethanol propane ^ 

trime thacrylate 



Example 3 

The procedures of Example 1 were repeated using the 
fol low! ng materials . 

Elastomeric material - the elastomeric material of 
Example 1 (EPDM rubber). 



Thermoplastic blend : 
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Amount (Parts by weis' 



Ingredient 

Polymethyl methacry late 50 

(VM-100 from Rohm and Haas) 
Graft copolymer of 

polymethyl raethacrylate 

on natural rubber (Haveaplus 

MG-30 from Natural Rubber 

Producers Research Association) ^ 
Tetrakis [methylene-3-(3 ,5 - 

di-tert-butyl-'J 

hydroxyphenyl propionate)] methane 
Mixed ester of th iod ipropionate U-U. 

The bond between the slabs was releasable on applica- 
tion of either 1.1 , 1 -tr ichloroethane or toluen.. The bond 
had a peel strength of 2.11 pli. 

Example M 

Example 3 was repeated using the elastomeric material 
or Example 2 ( poly butad iene ) and the polymethylmethacrylate 
graft copolymer blend of Example 3- 

The bond between the slabs was releasable on applica- 
of 1,1,1-trichloroethane and toluene. The peel 
strength of the bond was 3-55 pU- 

Example 5 

The procedures of Example 1 were repeated -us ing sili- 
cone rubber (Silastic available fro. Dow Corn.ng) as 
the elastomeric material. 

The thermoplastic blend used contained a mixture of 
following ingredients, in the amounts specif.eo. 
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ingredients _Amou£t (Parts by 

Polydimethyl siloxane/ 

polyt/i-methylstyrene segmented 
block copolymer (X9-6318 from 

Dow Corning) 
Polyo^ -methylstyrene 25 

(18-290 from Amoco) 



The peel strength of the bond between the slabs i3 
Th.e bond was releasable on application of acetone, methyl 
ethyl ketone, toluene and i , 1 , 1 -tr ichloroethane . 

Example 6 

This example illustrates the preparation of compositions 
useful for preparing an article of this invention. In this, 
E?DM is the elastomer and a blend of high impact 
polystyrene, a hydrocarbon resin tackifier, a 
styrene/ethylene/butylene segmented block copolymer and a 
second thermoplastic material comprising a blend of polyphe- 
nylene oxide and polystyrene is shown to be useful for the 
restraining means. 

Preparation of the Elastomeric Materials 

The following ingredients, in the amounts indicatec. 
were mixed together in a Banbury mixer. 
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In?<redient 



Amount (parts by 



we i: 



Ethylene-propyleneo 

5-ethy 1 i dene -2- nor borne ne 
terpolymer (Vistalon 6505 

Diphenylamine acetone 

Zinc 2-rnercaptobenzotria20le 

Red Iron Oxide (Fe^O^) 

Clay 

Silane coupling agent 

(Silane A-172 from Dow Corning) 
Poly i sobuty lene 
nineral Gil 
Red lead (Pt)^0^) 
Trimethanol propane 

tr imethacrylate 



100 

from Exxon) 



2 

3 
2 

15 



Preparation of a thermoplastic blend for uce in a 
restraining means . 

Composition A Composition 

• - ^ Amount Amou nt 
Inc;reGient ^"^^^^ 

High impact polystyrene 75 ^2.5 

(Stvron n92U from Dow) 
5tyre"ne-e thy lene -but ylene 33-3 

block copolymer (Krayton 
. 1550 from Shell) 

Hydrocarbon Resin Tackifier :,:>*6 ^-^ 

^ (Escorez 5320 from Exxon) ^ ^ 

Blend of Polyphenylene Oxide 25 ^ • - 

and Polystyrene (Noryl 

E:^i&25 rrora General Electric) _ 
Tetrakis [me thylene-3- ( 3 ' , 5 ' - C.66 O^oc- 
cji-tert-butyl-4 ^0 
hydroxy phenyl propionate ) ] 
methane 

Lauryl th i od i prop i ona te ^9*?-" 

Calcium Carbonate "c'r!;-; 
Red pigment 2 . ob 

Secant Modulus in psi 
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evaluation for use in preparing an article cf 



invention, 6" X 6" slabs of the materials (25 .t.Hs trick) 
were prepared. A slab of the elastomeric ,-nateri;.!. anc a 
slab of the thermoplastic blend were superimposed anc pi---: 
between two steel plates, each coated with poly- 
tetrafluoroethylene (PTFE). The samples were pressed 
300».-, at 1000 psi for 3 minutes and 5000 ?si for 3C 
seconds. The samples were cooled in a coid preso f-.r •. 
minutes at 10,000 psi. The sarr.ples were- irradiatoo i:.::nc- 
electron beam with a dosage of 20 rnesaracs on c-::-. si-;. 



The peel strength of the bond between th- .".labs v.as 
:R.-.a:-;ur^d by A SIM D-3167. The results ar- r-s r->l3 ov;t; : 

Peel Strength in pli A ^ 

(hSTM-3167 ) 

at 21°C 6.8 5.5 

at 60»C ^-5 5.6 

On application of solvent to the interface between the 
slabs, the bond was sufficiently weakened to permit ready 
separation of the slabs. These results indicate that th-.- 
tnaterials are suitable for preparing a tubular article -f 
this invention using the above elaston^cric material n.-: the 
inner -.ember and the thermoplastic blend as the outr.r 
r.?.';tra i ring means. 

Sxample 7 ( C om p a r-a t i v e 7. x a P "- > 

The procedures of Elxample 6 were r.-pe.-:-.^:-;i v. --:- - 
.-lastomeric material with a blend of a the rrr. v. :.■ 1 ■. 
segmented copolymer which does not cont.sin .-• ■. n .• •; : :■ : •. r . 

The -hermoplastic blend •.-.•as prcpar-r. - y 
fcllcwinr; i ;i!7 red i en t s , in the amounts ip-r' . v;---::::' 
i nd i-;nted , on a Banbury mixer. 
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InRred ient 
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Composition A 
Amount 






High impact polystyrene 

(Styron 4921) from Dow) 
Styrene-ethylene-butylene block 

copolymer (Krayton l650 

from Shell) 
Tetrakis [me thy lene-3- ( 3 * , 5 ' - 

di-tert-butyl-iJ 

hydroxy phenyl propionate ) ] methane 
Lauryl thiodi propionate 
Calcium Carbonate 
Red pigment 



2% Secant Modulus in psi 



at 21 °C 
at 60°C 



8.^ X lOj; 
■5.8 X 10 ^ 



'.00 



33.3 



0 . O LI 



56.5 

£: . 00 



For evaluation for use in preparing an ar-:icle of this 
invention, 6" X 6" slabs of the materials (25 mils thick) 
were prepared. A slab of the elastomeric niaterial and a 
slab of the thermoplastic blend were superimposed and placed 
between two steel plates, each coated with poly- 
tetrafluoroethylene (PTFE). The samples were pressed at 
300°C, at tOOO psi for 3 minutes and 5000 psi for 30 
seconds. The samples were cooled in a cold press for 2 
minutes at 10,000 psi. The samples were irradiated using an 
electron beam with a dosage of 20 megarads on each side. 

The peel strength of the bond between the slabs v/as 
measured by ASTM D-3i57. The results are as r.-;::2'v >^: 
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Feel Strength in pli 
(ASTM-3167 ) 
at 21 °C 



3.75 



at 60°C 

The low peel strength at 60°C indicates this blcr.c ..oul 
not be suitable for use where storage at 60°C was recuir-ci. 

on application of solvent to the interface betwee.-^ the 
slabs, the bond was sufficiently weakened to permii ready 
separation of the slabs. These results indicate that the 
..aterials are suitable for preparing a tubular ar-ticle of 
this invention using the above elastomeric rr.aterial as the 
inner member and the thermoplastic blend as the outer 
restraining means, providing storage at 60^0 was not 
requ ired . 
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CLAIMS: 



1. A shrinkable tubular article comprisins: 

(1) a tubular inner member comprising an elasto-.eric 

material which is held under tension in a radially 
expanded configuration; and 

,2) a tubular outer restraining means comprising a 

blend of a relatively rigid thermoplastic material 
and a segmented copolymer having at least one 
segment compatible with the thermoplastic rT:aterial 
and at least one segment compatible .vith the 
elastomeric material; 

the inner surface of the restraining means being directly 
secured to the outer surface of said inner member by a 
bond Whose peel strength is at least about 2 pounds per 
liner inch at 2^-C, said bond being arranged to be suf- 
nc^ently weaked by the application of a solvent so as to 
allow the inner member to pull away from the restraining 
means and to return to or towards its unexpanded configuration 



2. 



A shrinkable tubular article comprising: 

(1) a tubular inner member comprising an elastomeric 
material which is held under tension in a raaially 
expanded configuration; and 

(2) a tubular outer restraining means comprising s 
■bl^nd of: (a) a relatively rigid ther-,cplastic 
material; (b) a tackifier; and (c) a segmented 
copolymer having at least one segr-:-. comoa :. ■. 
with the thermoplastic m.aterial and at ie.^?o on? 
segment compatible witn the elas to!.;e " io nac-ri.!^; 
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the inner surface of the restraining means b-i n," dirocLly 
secured to the outer surface cf said inner rrer.-er by = bo: 
whose peel strength at about 60°C is at least 
per linear inch, said bond being arranged to ■.>!: sufric:--. 
weakened by the application of a solvent 30 ai: ^.li-cv; 
inner member to pull away froR the restraint': T-rno 
return to or toward its unexpanded con f 1 r--:ra t i on . 



3. An article in accordance with Clai;n 'i w n & r ■-• 1 n : 

blend has an ultimate elongation at 2i°C of 25^' . 

!4. An article in accordance with any prec'' 1 -, ■-■•■■•-'"^ 
wherein the thermoplastic material has a h' ;:r. .v-.-- uoil : 
parameter than the elastoneric material. 

5. An article in accordance with any pr occc • in; ■.■ir^." 
Wherein said blend has a 25 secant modulus a': 2\''C of a" 
least about i4,000 psi. 

6. A method of preparing a shrinkabls lobular artic:l- 
comprising a tubular inner member comprising an eiastcm-r 
material which is held under tension in a radially expand 
configuration and a tubular outer restraining 
method comprises: 



i) preparing a blend of a the rT.cpi^Jst i c 



terial and a segmented copoly..:er h-wm 



ma t 

one segment compatible with tiie therinop. ■i:. 
material and at least one cen;:nenr. <■'■>-■ ■.■. 
the elastomeric material; 

ii) coextruding the blend and olie eia:j -c:: • . . - 
to form a tube having the blend as :.: •• 
member and the elastomer as the ir.n •.• 

i i ) radi.-lly expanding the tube to To--: ■•• 
able tubular article. 
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7. A method of preparing a shrinkable tubular article 
comprising a tubular inner member comprising an ■Bla.-.t:-.-:. 
material which is held under tension in a raoially exp-i,-: 
configuration and a tubular outer restrai nin," means, 
method comprises: 

i) preparing a blend of (a) a ther-oolasr ic po "ic 
material; (b) a tackifier: and (c) a s?-.:-.', 
copolymer having at least one segmenc cc...-- ■ -li 
with the thermoplastic material and at It- ■-•t one- 
segment compatible with r/ne elastcme.-ic -at-rial; 
ii) coextruding the blend and the elas to:'o r i c material 
to form a tube having the blend as '/no outer me^nber 
and the elastomer as the inner ~c-nb=r; and 
lii) radially expanding the tubn fo-- the shrinkabl- 
tubular article. 



8. A method in accordance with Claim 6 or 7 which fur-her 
comprises the step of cross-linking the elastcmer prior to 
e xpans ion. 

9. A method of covering a substrate v;hich comprises: 

a) positioning over the substrace a shrinkable 
tubular article comprising 

1) a tubular inner member conipr^ i 3 i s =; ^ " ^ ?m^: - : -:: 
material which is held under i;enoio:- '.r: 
a radially expanded con f i ura t i r-i ; ^^r- 



2) a tubular outer restrainin;; r-r^ni: cc:n p j 3 l r - 
blend of a relatively rigid th : r::.-: p 1 s " : 
polymeric material and se rrme n v ^ 0 copo j y-.-^ r 
having at least one sc:::::i^:ni > ::v- ^ o ■.: r:: 
thermoplastic mater^ial ana l-^a.:-^ 
comoatible with the e las t;o:n--:- r- ;n:= r i ; : 
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the inner surface of ^'r,e restraining -e^r,3 
being directly secured to the outer cur- 
face of said inner member by a bond v:hore 
peel strength is at least about 2 pounds 
per linear inch at 21^C, said bcnci bein:- 
arranged to be sufficiently veaker.cd by 
cation of a solvent so as to alicv th- 
inner member to pull away from the 
restraining means and to return V ) or :o^;--- . 
its unexpanded configuration; anc 

b) applying a solvent to the bond bet-een -nn'-- 
and outer members thereby wcakpnine: In: : ^r.d 
sufficiently to permit the olastc-onc ::v:nb-r to 
pull away from the restraint and ::hr.in;: mU.o 
contact with said substrate. 

10. A method of covering a substrate which co::.pr:3es: 

(a) positioning over the substrate a shrir^Kable tubu:- 
article comprising 

(1) a tubular inner member comprising an elasto- 
meric material which is held under ten:;i:-r 

a radially expanded configuration; -nd 

(2) a tubular outer restraining means c ^ nr 
blend of (a) a relatively risid :.h- r:.-;- V- : : 
polymeric material; (b) a tackif:-!-: • 
segmented copolymer havin^^ -r. ■:'* 
segment compatible with thr i r -r;v- - 
material and at least one o-c-'"'" ^" • 
with the elastomeric iT^aterial; 

the inner surface of the rostraininr ' 
directly secured to the outer surV:. - o" : v : 
mcmb'-r by a bon<i who!:o poo.l s^;rrrr:. ■ ■ 



(b) 
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at about 60»C is at least abouc 2 pounds per iLn-.-r 
inch measured at about 60°C, said bond being 
arranged to be sufficiently weakened by the 
application of a solvent so as to allov the ivic::- 
member to pull away from the restraining rr.fans 
and to return to or toward its unoxpandnd 
configuration; and 

applying a solvent to the bond between V:- i:!i--.:r 
and outer members thereby wea'/enin?; the bcn-i zi:i- 
ficiently to permit the elastomerio :,:-t:V";-.- to pull 
away from the restraint and snrink i::to contact 
with said substrate. 



11. A method in accordance with Claim 9 or 
substrate to be covered is a cable splice. 



.•herein the 
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